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 𝑑𝑄 = 𝑅 · 𝐼2 · 𝑑𝑡
  
 
 
 
 𝑄 = 𝑉 · 𝜌 · (𝑇 · 𝑐1 + 𝑐2)
𝑄
𝑉
𝜌
𝑇
𝑐1  
𝑐2
𝑅 · 𝐼2 · 𝑡 = 𝑄/𝜇
𝜇
𝑄𝑝𝑟𝑜𝑐𝑒𝑠𝑜 = 𝑅 · 𝐼
2 · 𝑡 · 𝜇
𝑄 𝑅 · 𝐼2 · 𝑡 𝐼 𝑡
𝐼 𝑡
𝑄, 𝑅 𝐼
𝑄 = 𝑅 · 𝐼2 · 𝑡
𝑄 = 𝑅 · (
𝐼
2
)
2
· 4𝑡
𝑄 = 𝑅 · (
𝐼
3
)
2
· 9𝑡
𝑄 = 𝑅 · (
𝐼
𝑛
)
2
· 𝑛2 · 𝑡
 
 
 
  
 
 𝐼 <  𝐼𝑚𝑖𝑛
 𝐼 ≫  𝐼𝑚𝑖𝑛
 
 
 
𝑄 =  𝐼2 · 𝑅 · 𝑡
 
  
 𝑅𝐶 =
𝑟𝑖
𝑃 ·  𝛼
𝑅𝐶
𝑟𝑖
𝑃
𝛼
 
 
 
 
 
 
 𝑃 = 𝑉 · 𝐼
𝑃1 = 𝑃2 → 𝑉1 · 𝐼1 =  𝑉2 · 𝐼2
𝑃1
𝑃2
𝑉1
𝐼1
𝑉2
𝐼2
𝑉1 = 𝑁1
𝑑𝜑
𝑑𝑡
        𝑦       𝑉2 = 𝑁2
𝑑𝜑
𝑑𝑡
𝑁1
𝑁2
𝑑𝜑
𝑑𝑡
𝑉1
𝑁1
=
𝑑𝜑
𝑑𝑡
=
𝑉2
𝑁2
   →    
𝑉1
𝑁1
=
𝑉2
𝑁2
 
𝑉1
𝑉2
=
𝑁1
𝑁2
=
𝐼2
𝐼1
𝑁1 ≫  𝑁2 →  𝐼2 ≫ 𝐼1 
 
  
𝑆 = 12𝑘𝑉𝐴 𝑉2𝑜 = 2,6𝑉;
𝑉𝑒𝑓 = 230𝑉
𝑉𝑝𝑖𝑐𝑜 = √2 · 230 = 325,27𝑉
𝐼2 =
𝑆
𝑉2
=
12𝑘
2,6
= 4615,38𝐴
𝑛 =
230
2,6
= 88,46
𝐼1 =
𝐼2
𝑛
= 52,17𝐴
𝑉𝑒𝑓 = √
1
𝑇
∫ 𝑣2(𝑡)𝑑𝑡
𝑡0−𝑇
𝑡0
𝑉𝑒𝑓
2 =
1
𝑇
∫ 𝑣2(𝑡)𝑑𝑡
𝑡0−𝑇
𝑡0
𝑣(𝑡) = 𝑉𝑝 · 𝑠𝑒𝑛(𝜔𝑡) = √2 · 𝑉𝑚 · 𝑠𝑒𝑛(𝜔𝑡)
𝑉𝑒𝑓
2 =
𝑉𝑝
2
2𝜋
∫ 𝑠𝑒𝑛2(𝜔𝑡)𝑑𝜔𝑡
𝑡0−𝑇
𝑡0
𝑉𝑒𝑓 = 𝑉𝑝 [
1
𝜋
(𝜋 − 𝛼 +
𝑠𝑒𝑛 (2𝛼)
2
)]
1
2
𝛼 = 0
𝑉𝑒𝑓 = 𝑉𝑝 [
1
𝜋
(𝜋 − 0 +
𝑠𝑒𝑛 (0)
2
)]
1
2
= 𝑉𝑝
𝛼 = 𝜋
𝑉𝑒𝑓 = 𝑉𝑝 [
1
𝜋
(𝜋 − 𝜋 +
𝑠𝑒𝑛 (2𝜋)
2
)]
1
2
= 0
𝑉𝑒𝑓 =
𝑉𝑝
2
0,5 = [
1
𝜋
(𝜋 − 𝛼 +
𝑠𝑒𝑛 (2𝛼)
2
)]
1
2
0,25𝜋 = 𝜋 − 𝛼 +
𝑠𝑒𝑛 (2𝛼)
2
−1,5𝜋 = −2𝛼 + 𝑠𝑒𝑛 (2𝛼)
𝛼 = 0,87𝜋
𝐼𝑇,𝑒𝑓 = √
1
2𝜋𝑅
· ∫ (𝑉𝑃 · 𝑠𝑒𝑛(𝜔𝑡))2𝑑𝜔𝑡
𝜋
𝛼
𝐼𝑇,𝑒𝑓
2 =
2𝑉𝑚
2
2𝜋𝑅2
· ∫ (𝑠𝑒𝑛(𝜔𝑡))2𝑑𝜔𝑡
𝜋
𝛼
𝐼𝑇,𝑒𝑓
2 =
𝑉𝑚
2
2𝜋𝑅2
· (𝜋 − 𝛼 −
𝑠𝑒𝑛(2𝛼)
2
)
𝛼 = 0
𝑑𝐼𝑇,𝑒𝑓
2
𝑑𝛼
= 0 →  𝛼 = 0, 𝑠𝑖𝑒𝑛𝑑𝑜 𝑅 = 4,41Ω
𝐼𝑇𝑒𝑓,𝑚𝑎𝑥 = √
2302
2𝜋4,412
(𝜋 − 0 −
𝑠𝑒𝑛(0)
0
) = 𝟑𝟔, 𝟖𝟕𝑨
𝐼𝑇𝐴𝑉 =
1
2𝜋𝑅
∫ 𝑉𝑝𝑠𝑒𝑛(𝜔𝑡)𝑑𝜔𝑡
𝜋
𝛼
𝐼𝑇𝐴𝑉 =
√2𝑉𝑚
2𝜋𝑅
(𝑐𝑜𝑠 𝛼 + 1)
𝑐𝑜𝑠 𝛼𝑚𝑎𝑥 = 1 →  𝛼 = 0
𝐼𝑇𝐴𝑉 =
√2 · 230
2𝜋 · 4,41
2 = 𝟐𝟑, 𝟒𝟖𝑨
𝑉𝑃𝐼 = 325,27𝑉
𝐼𝑇𝐴𝑉
𝐼𝑇𝑒𝑓,𝑚𝑎𝑥
𝑉𝑒𝑓,𝑚𝑎𝑥 𝑜 𝑉𝑟𝑚𝑠
 𝐼𝐺𝑇,𝑚𝑖𝑛𝑖𝑚𝑎 = 150𝑚𝐴
𝐼𝐺𝑇 = 200𝑚𝐴
𝑅2 =
5𝑉
250𝑚𝐴
= 25Ω
𝑅1 =
5𝑉
250𝑚𝐴
= 25Ω
𝑃 =
2𝑚𝑠 ·
250𝑚𝐴 · 5𝑉
2 + 18𝑚𝑠 · 0𝑚𝐴 · 5𝑉
10𝑚𝑠
= 0,125𝑊 (1/8𝑊)
 
𝐼𝑅𝑀𝑆 = 𝐼𝑒𝑓 = 36,87𝐴
𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡𝑒 = 30℃
𝑅𝑡ℎ−𝑗𝑐 = 0,48℃/𝑊
𝑅𝑡ℎ−𝑐ℎ = 0,5℃/𝑊
𝑃𝐷 = 50𝑊
𝑃𝐷 =  
𝑇𝑑 − 𝑇𝑎
𝑅𝑑𝑎
=
𝑇𝑢 − 𝑇𝑐
𝑅𝑢𝑐
=
𝑇𝑐 − 𝑇𝑑
𝑅𝑐𝑑
=
𝑇𝑢 − 𝑇𝑎
𝑅𝑢𝑎
𝑇𝑢 = 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑎 𝑑𝑒 𝑙𝑎 𝑢𝑛𝑖ó𝑛
𝑇𝑐 = 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑎 𝑑𝑒 𝑙𝑎 𝑐𝑎𝑗𝑎
𝑇𝑑 = 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑎 𝑑𝑒𝑙 𝑑𝑖𝑠𝑖𝑝𝑎𝑑𝑜𝑟
𝑇𝑎 = 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑎 𝑑𝑒𝑙 𝑎𝑚𝑏𝑖𝑒𝑛𝑡𝑒
𝑅𝑢𝑐 = 𝑟𝑒𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑖𝑎 𝑡é𝑟𝑚𝑖𝑐𝑎 𝑢𝑛𝑖ó𝑛 − 𝑐𝑎𝑗𝑎
𝑅𝑐𝑑 = 𝑟𝑒𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑖𝑎 𝑡é𝑟𝑚𝑖𝑐𝑎 𝑐𝑎𝑗𝑎 − 𝑑𝑖𝑠𝑖𝑝𝑎𝑑𝑜𝑟
𝑅𝑑𝑎 = 𝑟𝑒𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑖𝑎 𝑡é𝑟𝑚𝑖𝑐𝑎 𝑑𝑖𝑠𝑖𝑝𝑎𝑑𝑜𝑟 − 𝑎𝑚𝑏𝑖𝑒𝑛𝑡𝑒
𝑅𝑟𝑎𝑑𝑖𝑎𝑑𝑜𝑟 =
125 − 30
50
− 0,48 − 0,5 = 𝟎, 𝟗𝟐 [℃/𝑊]
 
𝑑𝑉/𝑑𝑡𝑚𝑎𝑥 =  1000𝑉/𝜇𝑠
𝑉𝑅𝑒𝑑 = (𝑅𝑠𝑛𝑢𝑏𝑏𝑒𝑟 + 𝑅) · 𝑖 +  
1
𝐶
∫ 𝑖 𝑑𝑡 + 𝑉𝐶,𝑠𝑛𝑢𝑏𝑏𝑒𝑟 (𝑡=0)
𝑖𝑡=0 =
𝑉𝑅𝑒𝑑
𝑅𝑠𝑛𝑢𝑏𝑏𝑒𝑟 + 𝑅
· 𝑒
−𝑡
(𝑅𝑠𝑛𝑢𝑏𝑏𝑒𝑟+𝑅)·𝐶𝑠𝑛𝑢𝑏𝑏𝑒𝑟
𝑣𝑡(𝑡) = 𝑉𝑅𝑒𝑑 − 𝑅 · 𝑖𝑡 = 𝑉𝑅𝑒𝑑 −
𝑅 · 𝑉𝑅𝑒𝑑
𝑅𝑠𝑛𝑢𝑏𝑏𝑒𝑟 + 𝑅
· 𝑒
−𝑡
(𝑅𝑠𝑛𝑢𝑏𝑏𝑒𝑟+𝑅)·𝐶𝑠𝑛𝑢𝑏𝑏𝑒𝑟
𝑑𝑣
𝑑𝑡
=  
0,632 · 𝑅 · 𝑉𝑅𝑒𝑑
(𝑅𝑠𝑛𝑢𝑏𝑏𝑒𝑟 + 𝑅)2 · 𝐶𝑠𝑛𝑢𝑏𝑏𝑒𝑟
𝑅𝑠𝑛𝑢𝑏𝑏𝑒𝑟 =  
𝑉𝑅𝑒𝑑
𝑖𝑡
=
230
200
= 𝟏, 𝟏𝟓𝛀
𝑖𝑡 =
230
1,5
= 153𝐴
𝐶𝑠𝑛𝑢𝑏𝑏𝑒𝑟 =
0,632 · 𝑅 · 𝑉𝑅𝑒𝑑
(𝑅𝑠𝑛𝑢𝑏𝑏𝑒𝑟 + 𝑅)2 ·
𝑑𝑣
𝑑𝑡
=
0,632 · 17 · 230
(1,5 + 17)2 · 109
= 𝟕, 𝟐𝟐𝒑𝑭
  
 𝐼𝐹 = 50𝑚𝐴; 𝐼𝐹𝑚 = 1𝐴; 𝑉𝑅 = 6𝑉; 𝑉𝐶𝐸𝑂 = 35𝑉; 𝐼𝐶 = 50𝑚𝐴
𝑅1
𝑅𝑖𝑛 = 𝑅1 =
𝑉𝐷𝐶
𝐼𝐹
=
5𝑉
50𝑚𝐴
= 100Ω
𝑅𝑖𝑛 = 220Ω
𝑅2
𝑅𝐵 = 𝑅2 ≥
𝑉𝐶𝐸𝑂
𝐼𝐶
=
35𝑉
50𝑚𝐴
= 700Ω
𝑅2 2𝑘2
𝑃𝑅1 =
52
220
= 0,114 𝑊
𝑃𝑅2 =
352
2𝑘2
= 0,556 𝑊
 


  
 


𝑁1
𝑁2
=  
𝑉1
𝑉2
=
230
9
= 25,6
𝑁1
𝑁2
=  
𝐼2
𝐼1
→  𝐼1 =
1
25,6
= 39,22𝑚𝐴
Vmax = 9 · √2 =  12,73V
Vmax = 9 · √2 =  12,73V
𝐼2
Vmax = 9 · √2 =  12,73V
Vmedia =
2 · Vmax
𝜋
=  8,10V
Vpp =  10% · 8,10 = 0,81V
𝐶 =
Imedia
Vpp · 2 · 𝑓
= 617𝑢𝐹
Vpp =
Imedia
C · 2 · 𝑓
= 0,74V
 0,07𝐴 ∗ 1.2 (𝑎𝑢𝑚𝑒𝑛𝑡𝑜 𝑑𝑒𝑙 20%)  = 84𝑚𝐴 
  

  
 
𝐼𝐹 = 25𝑚𝐴; 𝐼𝐹𝑚 = 50𝑚𝐴; 𝑉𝑅 = 6𝑉; 𝑉𝐶𝐸𝑂 = 35𝑉; 𝐼𝐶 = 25𝑚𝐴
𝑅𝑖𝑛 = 𝑅1 =
𝑉𝐷𝐶
𝐼𝐹
=
6 · √2 𝑉
25𝑚𝐴
= 400Ω
𝑅𝑖𝑛 = 470Ω
𝑃𝑅𝑖𝑛 =
62
470
= 78𝑚𝑊
𝑅2:
𝑅2 = 𝑅𝐶 ≥
𝑉𝐶𝐶
𝐼𝐶
=
5𝑉
25𝑚𝐴
= 200Ω
𝑅𝐶 ≥
𝑉𝑆𝑆
𝐼
=
5𝑉
20𝑚𝐴
= 250Ω
𝑅𝐶 = 390Ω
𝑅𝐶
𝑃𝑅2 =
52
390
= 0,064𝑊
𝐼𝑖𝑛 =
6 · √2 𝑉
470Ω
= 21𝑚𝐴
𝐼𝐶 =
5𝑉
390Ω
= 12,8𝑚𝐴
 
 
  
 5𝑉/25𝑚𝐴 = 200Ω
 Ω
5𝑉/220Ω = 22.7𝑚𝐴
𝑃 = 𝑉 · 𝐼 = 5𝑉 · 22.7𝑚𝐴 = 0,114𝑊
 𝑉𝑜𝑢𝑡 = 2,5 ± (0,625 ·
𝐼𝑃
𝐼𝑃𝑁
) 𝑉
  
  
𝑃 =
𝑉2
𝑅
𝐼𝑚𝑎𝑥 =
𝑉𝐶𝐶
𝑅𝑃𝑇𝐶 + 𝑅2
→ 𝑅2 >
𝑉𝐶𝐶
𝐼
− 𝑅𝑃𝑇𝐶 > 400Ω
𝐼𝑚𝑎𝑥 =
𝑉𝐶𝐶
𝑅𝑃𝑇𝐶 + 𝑅2
=
5
100 + 10𝑘
= 0,5𝑚𝐴
𝑃𝑚𝑎𝑥 =  𝑉𝐶𝐶 · 𝐼 = 2,47𝑚𝑊
𝑉𝑦 =
𝑉𝑟𝑒𝑓 · 𝑅3 + 𝑉𝑜𝑢𝑡 · 𝑅1
𝑅1 + 𝑅3
𝑉𝑦 =
𝑉𝑟𝑒𝑓 · 𝑅3 + 𝑉𝑠𝑎𝑡 · 𝑅1
𝑅1 + 𝑅3
𝑉𝑦 =
𝑉𝑟𝑒𝑓 · 𝑅3
𝑅1 + 𝑅3
𝐴 − 𝐵 =
𝑉𝑠𝑎𝑡 · 𝑅1
𝑅1 + 𝑅3
𝑃 =
𝑉2
𝑅3
=
52
100𝑘
= 0,25𝑚𝑊
𝐴 − 𝐵 =
𝑉𝑠𝑎𝑡 · 𝑅1
𝑅1 + 𝑅3
=
5 · 10𝑘
110𝑘
= 0,45𝑉
 
⁰ ⁰
 
 
 
 
 
o 
o 
 
 
 
 
 
 
  











 𝐹 = 𝑝 · 𝑠
𝐹, 𝑓𝑢𝑒𝑟𝑧𝑎 𝑒𝑗𝑒𝑟𝑐𝑖𝑑𝑎 𝑚𝑒𝑑𝑖𝑑𝑎 𝑒𝑛 𝑁𝑒𝑤𝑡𝑜𝑛𝑠
𝑃, 𝑝𝑟𝑒𝑠𝑖ó𝑛 𝑑𝑒 𝑡𝑟𝑎𝑏𝑎𝑗𝑜 𝑑𝑒𝑙 𝑐𝑖𝑙𝑖𝑛𝑑𝑟𝑜 𝑒𝑛 𝑃𝑎𝑠𝑐𝑎𝑙𝑒𝑠
𝑠, 𝑠𝑢𝑝𝑒𝑟𝑓𝑖𝑐𝑖𝑒 𝑑𝑒 é𝑚𝑏𝑜𝑙𝑜 𝑚𝑒𝑑𝑖𝑑𝑎 𝑒𝑛 𝑚𝑒𝑡𝑟𝑜𝑠.
𝑠𝑚𝑖𝑛 = 8𝑐𝑚
2
𝑠𝑚𝑎𝑥 = 20𝑐𝑚
2
𝑠 = 𝜋 · 𝑟2 → 𝑑 = 50𝑚𝑚
𝑉 = 𝑉𝑎𝑣𝑎𝑛𝑐𝑒 + 𝑉𝑟𝑒𝑡𝑟𝑜𝑐𝑒𝑠𝑜 =
𝜋 · 𝑑𝑒
2
4
· 𝑐 +
𝜋 · (𝑑𝑒
2 − 𝑑𝑣
2)
4
· 𝑐
=
𝜋 · (2 · 𝑑𝑒
2 − 𝑑𝑣
2)
4
· 𝑐
𝑑𝑒 , 𝑑𝑖á𝑚𝑒𝑡𝑟𝑜 𝑑𝑒𝑙 é𝑚𝑏𝑜𝑙𝑜
𝑑𝑣 , 𝑑𝑖á𝑚𝑒𝑡𝑟𝑜 𝑑𝑒𝑙 𝑣á𝑠𝑡𝑎𝑔𝑜
𝑐, 𝑐𝑎𝑟𝑟𝑒𝑟𝑎 𝑑𝑒𝑙 𝑣á𝑠𝑡𝑎𝑔𝑜
𝑉 =
𝜋 · (2 · 502 − 102)
4
· 80 = 307879𝑚𝑚3 → 308𝑐𝑚3
𝑄 = 𝑛 · 𝑉 → 𝑄 = 6 · 308 = 1848𝑐𝑚3/𝑚𝑖𝑛, 𝑠𝑖𝑒𝑛𝑑𝑜:
𝑄, 𝑐𝑎𝑢𝑑𝑎𝑙 𝑑𝑒 𝑎𝑖𝑟𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑖𝑑𝑜
𝑛, 𝑛ú𝑚𝑒𝑟𝑜 𝑑𝑒 𝑐𝑖𝑐𝑙𝑜𝑠 𝑝𝑜𝑟 𝑚𝑖𝑛𝑢𝑡𝑜
𝑉, 𝑣𝑜𝑙𝑢𝑚𝑒𝑛 𝑑𝑒 𝑎𝑖𝑟𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑖𝑑𝑜 𝑝𝑜𝑟 𝑐𝑖𝑐𝑙𝑜
𝑃 = 𝑝 · 𝑄 → 𝑃 = 600000𝑃𝑎 · 3.08 · 10−5
𝑚3
𝑠
= 18,48𝑊
 
 
 
 
 
 
 
 
 
 

 

  


 
 




  
  
  
 
  
 
  
 
  
  
  

  

  
  

  
 

  
  
 
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 
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  
 
 
 

http://www.cientificosaficionados.com/tbo/puntos/soldadura.htm [Última 
consulta: 17 de enero de 2016] 
https://es.wikipedia.org/wiki/Soldadura_por_puntos  [Última consulta: 18 de abril de 
2016] 
http://www.slideshare.net/cemarol/soldadura-por-puntos-de-resistencia-presentation-
810613 [Última consulta: 18 de abril de 2016] 
  

















